# Figure 1 approximately here #
At the local authority level, the percentage of MSOAs of above-average vulnerability was moderately correlated with the percentage of area covered by brownfields (r=0.509; p<0.001).
At the finer scale, higher vulnerability of individual MSOAs (N=6791) is also associated with an increasing number and area of brownfield sites per MSOA (Figure 2 ). Therefore, it seems that brownfields coincide spatially with the most vulnerable communities and thus have the potential to provide cooling services, if greened.
# Figure 2 approximately here #
1 This paper is based on the 2010 National Land Use Database (NLUD data when all local authorities were obliged to provide information on previosuly developed land. Data from the more recent 2012 data is incomplete, as only 50% of local authorities submitted data (Future spaces foundation, 2015) . 2 The technical information on the assessment of vulnerability and the complete dataset are available on www.climatejust.org.uk.
The potential for greening of brownfield sites is likely to be affected by their proposed use and ownership (HCA, 2010) . In England, only 1% of brownfields (249 sites; 3.1% of the total brownfield area) are proposed to be re-used as open space (Figure 3) . Further, nearly 59% of the brownfield sites are privately owned, whilst local authorities and other public bodies own, respectively, just over 10% and 5%. However, with escalating levels of vulnerability, the proportion of brownfield sites that are owned by local authorities and other public bodies also increases ( Figure 4) ; in the MSOAs characterised by 'acute' social vulnerability to high temperatures, a quarter of brownfield sites are owned by either local authorities or public bodies. Therefore, in areas characterised by the highest social vulnerability, local authorities may have more control over the future development of the brownfield sites, and potentially dedicate some of them to soft-end uses. 
The case of Greater Manchester
In large cities, such as Greater Manchester, high temperatures are intensified by the urban heat island (UHI) effect, whereby urban areas exhibit higher temperatures relative to their surroundings due to the thermal mass of buildings and hard surfaces and the emission of heat from anthropogenic activities. In the Manchester city centre, the air temperatures may be up to 5°C higher than on the peripheries of the conurbation (Smith, Webb, Levermore, Lindley & Beswick, 2011) , which may exacerbate the impacts of extreme temperatures on the well-being of inner-city communities.
The locations of brownfields in Greater Manchester -2,200 sites of 4,200 ha (Polyakova, 2011) -coincide spatially with higher levels of social vulnerability ( Figure 5 ) and with the intensity of UHI (Figure 6 ). Therefore, in general, converting brownfield land in Greater Manchester to green spaces may provide cooling services where they are needed, considering both the social and physical characteristics of the locations. 
The potential for greening the brownfields in vulnerable neighbourhoods
The above rough and ready analysis suggests a substantial capacity of brownfields (considering their location, number and total area) to provide cooling services as green spaces, in neighbourhoods assessed as vulnerable to high temperatures. In particular, the Greater Manchester case study shows associations among the levels of social vulnerability to high temperatures, intensity of the UHI and the presence of brownfields.
Soft-end re-use of brownfields, alongside the direct role in adaptation to high temperatures through cooling, provides multiple benefits to urban communities, which may help to address some of the underlying factors of social vulnerability to climate change (Demuzere et al., 2014) .
People living in greener neighbourhoods tend to be healthier, including the potentially more vulnerable to high temperatures groups, such as older people (Takano, Nakamura & Watanabe, 2002 ) and those on lower incomes (Mitchell & Popham, 2008) . Presence of green space also improves neighbourhood social ties (Kazmierczak, 2013; Kuo, Sullivan, Coley, & Brunson, 1998) , which for isolated individuals may be lifelines in extreme temperatures (Klinenberg, 1999) . In addition, the severity of other climate-related impacts such as surface water flooding may be mitigated by the presence of vegetation (Demuzere et al., 2014) . Therefore, converting brownfields to green spaces in vulnerable neighbourhoods may be seen as a sustainable, long term adaptation strategy providing auxiliary ecosystem services to urban dwellers.
However, when the proposed future uses are considered, the scale of brownfield greening is likely to be miniscule. Whilst between 1988 and 1993 over 19% of brownfield sites in the UK were converted into green spaces, exceeding any other end use (de Sousa, 2003) , more recently the emphasis on high-density development promotes turning brownfield land into hard-end uses (CPRE, 2014 , Future Spaces Foundation, 2015 McEvoy, Lindley and Handley, 2006) . Today the main competing redevelopment direction for brownfields in England is housing, as extra 222,000 new homes are needed annually over the period 2011-31 to address the housing shortage (DCLG, 2015) . Through the targets set under the previous planning system, 81% of houses were built on previously developed land in 2008; in 2011 -64% (DCLG, 2013). The National Planning Policy Framework (NPPF) encourages '...the effective use of land by reusing land that has been previously developed (brownfield land)' (DCLG, 2012: 26) . Further, through the recently proposed Housing and Planning Bill, the government intends to give "automatic" permission to housing schemes on brownfields allocated for that use to increase the scale of housing construction (HM Treasury, 2015) . In addition, the government's plans to partially address the housing crisis through provision of new settlements (new generation of 'Garden Cities'), which could lessen the pressure on brownfields, have been met with severe criticism (CPRE, 2014; Future Spaces Foundation, 2015) . Developing brownfield land is hailed as the most sustainable option, reducing urban sprawl and transport needs. However, the longer-term implications of densification of cities under the changing climate are missing from the debate, whilst research suggests that infill densification and brownfield development are likely to magnify the negative climate change impacts (Carter et al., 2015; Pauleit, Ennos & Golding, 2005) . Thus, the extant emphasis on compact developments is in conflict with adaptation strategies based on urban greening (McEvoy et al., 2006) . Further, other sustainability aspects of brownfield development are rarely discussed; for example, the impact of house-building on brownfields on reducing socioeconomic deprivation varies (Longo & Campbell, 2016) . Also, the environmental injustice associated with uneven access to green space is rarely considered in debates considering brownfield re-use; the most deprived (and potentially vulnerable to high temperatures) 10% of wards in England have five times less green space than the most affluent 20% of wards (CABE, 2010) . This, combined with the broader quality-of-life benefits of soft-end brownfield conversions to local communities (De Sousa, 2006) , emphasises the need to rethink the direction of brownfield redevelopment.
There may be opportunities to for greening of some of the brownfields in public ownership, as the NPPF leaves to the local authorities the task of 'setting a locally appropriate target for the use of brownfield land' (DCLG, 2012: 26) . In addition, the possibility of housebuilding on green belt (the band of open space preventing urban sprawl, amounting to 13% of the England area, normally protected from development) is now cautiously being considered, in particular in areas of dire housing shortage and where the green belt land is of low quality (Future Spaces Foundation, 2014), which could lessen the pressure on brownfields somewhat. There are also potential barriers to brownfield development for hard-end uses, including the cost of site remediation and local infrastructure provision (CPRE, 2014) , which may be less complex in the case of conversion to green spaces. The decision, which brownfield sites should be greened, from the climate adaptation perspective ought to be guided by the levels of social vulnerability and the exposure to high temperatures. To identify the scope for broader socioeconomic and environmental benefits associated with the transformation of brownfield land to soft-end uses, GIS-based tools such as the long-forgotten Public Benefit Recording System (TEP, 2003) could be applied. Other non-statutory guidelines, such as Accessible Natural Greenspace Standard (English Nature, 2003) , may help to identify where the most severe green space shortage is and highlight the brownfields in public ownership that could be converted to greenspace to address it.
Realistically, however, due to the ownership structure and housebuilding pressure, in the nearest future only a handful of brownfield sites is likely to be converted into dedicated green spaces, whilst the majority will be re-used as housing, offices or retail areas. Planning has a pivotal role to play in ensuring that any such development on brownfield land is adequately 'climate-proofed ' (McEvoy et al., 2006) . NPPF specifies that 'new development should be planned to avoid increased vulnerability to the range of impacts arising from climate change.
When new development is brought forward in areas which are vulnerable, care should be taken to ensure that risks can be managed through suitable adaptation measures, including through the planning of green infrastructure' (DCLG, 2012: 23) . International examples of regulations for incorporating greening into developments include the Biological Area Factor in Berlin, whereby a certain proportion of the site area needs to be greened (Kazmierczak & Carter, 2010) or the Green Points system in Malmö, Sweden, ensuring the quality of green cover (Kruuse, 2011) . Toolkits for developers based on these guidelines start to emerge in the UK (GINW, 2010) , but are by no means compulsory. Yet, established schemes rating the environmental performance of developments, such as BREEAM, also encourage incorporation of vegetation on site, as the ecosystem services provided by it correspond with many parameters that are measured, e.g. energy efficiency, water or land use and ecology (Dover, 2015) . Application of these tools could result in greener developments providing cooling benefits, or not worsening the UHI effect and the risk of high temperatures to vulnreable communities.
In conclusion, re-using brownfields as green spaces could help to address the risks to human health associated with rising temperatures, as many previously developed sites coincide spatially with the communities vulnerable to climate change. However, the scope for widespread conversion of brownfield land into green space is limited due to the proposed use constraints, emphasis on urban densification and largely private ownership of sites. The role of planning in ensuring that brownfield redevelopment supports urban adaptation to climate change can be seen as twofold: identifying the sites for greening and encouraging incorporation of vegetation into new developments.
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